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While considerable i n t e r e s t  has been shown i n  t h e  space-charge 

ana lys i s  of low-pressure ( co l l i s ion le s s  case)  thermionic diodes, ’-* 
there  i s  a conspicuous lack  i n  the  presentation of r e s u l t s  i n  a way 

tha t  allows d i r e c t  comparison w i t h  experiment. The current-voltage 

curve of t h i s  repor t  was, therefore ,  computed for a t y p i c a l  case within 

the  realm of experimental i n t e r e s t .  

The model employed i n  t h i s  computation i s  shown i n  Fig. 1 and i s  

defined by the  l i m i t a t i n g  po ten t i a l  d i s t r ibu t ions  (curves a and b ) .  

Curve a represents  the  po ten t i a l  V as a monotonic funct ion of po- 

s i t i o n  with a slope of zero a t  t he  anode; curve b i s  s imi la r ly  mono- 

ton ic  with a slope of zero a t  the cathode. 

contLnLcous va r i a t ion  of the  anode voltage, the  po ten t i a l  d i s t r i b u t i o n s  

vary ca-kinuously from one l imi t ing  form t o  the  other.  

It i s  assumed t h a t  by a 

While so lu t ions  

f o r  i n f i n i t e l y  spaced e l e c t r c ~ d e s ~ - ~  show that  s p a t i a l l y  o s c i l l a t o r y  PO- 

t e n t i a i  d i s t r i b u t i o n s  may ex i s t ,  they have been neglected i n  t h i s  com- 

putat  im. 

McIntyre s formulation of the  space charge analysis,  spec ia l ized  

ta f i n i t e  e lectrode separation, has been employed. The following s e t  

of equations was solved numerically on an IBM 7090 computer: 
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F(7)  = [ 7 Y 0 I 2 *  (4) 

The following equations apply t o  Region A of Fig. 1 f o r  V a  < 0; - 

0 
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Thus, 

E ( 7 )  = e r r& = -= r 4  .-t2 at, ( 9 )  

where T i s  the cathode temperature, k i s  Boltzmann’s constant, me 

and m i  represent  e l ec t ron  and ion  masses, respect ively,  e is charge 

on electron,  Jeo and Jio a r e  electrcm and ion emission currents,  re-  

spectively,  V i s  p o t e n t i a l  measured with respec t  t o  the  cathode, N:(O) 

and 

and subscr ip t  m r e f e r s  t o  po ten t i a l  minimum. 

+ N i ( 0 )  a r e  the  e l ec t ron  and ion  emission dens i t i e s ,  respect ively,  

The three  parameters ss, 7a, and a a r e  determined by experi- 

mental conditions: s s  i s  the  nondimensional s p a t i a l  coordinate (Eq. 

(1)) evaluated a t  t he  separat ion distance s and qa i s  the  nondimen- 

s iona l  p o t e n t i a l  (Eq. ( 2 ) )  evaluated a t  the  anode poten t ia l .  Note t h a t  

for given separat ion dis tance s, i s  proport ional  t o  t he  e lec t ron  

sa tu ra t ion  current  Jeo. 

The computed current-voltage curve f o r  a cesium diode k s  = 10 and 

a = 0.2 i s  presented i n  Fig. 2. Since o ther  authors  use d i f f e ren t  pa- 

rameters i n  place of E s  for analyzing experimental r e su l t s ,  a compari- 

son of th ree  d i f f e r e n t  forms i s  presented i n  Table I. 
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Symbol Reference 

* 
6s 

% 
R:  

Tg Fig. 2 (a)  the  curve has been p lo t t ed  i n  the  convenient form de- 

scr ibed by Houston and Webster.5 

vacuum current-voltage curve (tS = 10, a = 0 )  have a l s o  been p lo t t ed  f o r  

comparison. The same computed current-voltage curve has been p lo t t ed  i n  

a form suggested by Nottingham,4 along with h i s  "master" and "universal- 

limiting" curves, i n  Fig. 2(b). 

The Maxwell-Boltzmann l i n e  and the  

O f  p a r t i c u l a r  i n t e r e s t  i s  the  change i n  slope of t h e  current-  

voltage curve i n  the  region of zero anode p o t e n t i a l  ( ~ a  = 0) .  

t i v e  ufierstanding of t h i s  phenomenon can be r e a l i z e d  by reference t o  

Fig. 1. Ions w i l l  f i r s t  be r e f l ec t ed  back t o  the  cathode when the  

anode p o t e n t i a l  becomes pos i t ive  ( v a  > 0); hence, t he  increased slope of 

t he  current-voltage curve i s  caused by the  enhanced removal of the  space- 

charge b a r r i e r  by the  r e f l e c t e d  ions. 

A qual i ta -  

The wr i t e r  i s  g r a t e f u l  t o  M r .  Bruce Auer f o r  wr i t ing  the program, 

which i s  ava i lab le  on request.  

2 10.0 

4 11.9 

5 100 
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Fig. 1. - Potential model. 
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(a) Normalized w.r.t. Jeo. 
Fig. 2. - Computed current-voltage curve. E ,  = 10. 
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( b )  Normalized w . r . t .  JR.  

Figure 2 .  - Concluded. Computed current-voltage curve. F ,  = 10. 
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